Background/Objectives: The aim of this work was to identify dietary patterns based on reduced rank regression (RRR) and principal component analysis (PCA) and to evaluate the association of these patterns with the prevalence of childhood obesity. Subjects/Methods: A sample of 2317 toddlers and preschoolers from Greece (Growth, Exercise and Nutrition Epidemiological Study In preSchoolers) was used. In total, 12 food groups were used as predictors of RRR and PCA. Nutrients such as total fat, simple carbohydrate and fiber intake were used as response variables to apply RRR. Results: One factor/pattern was retained from RRR and PCA in order to ensure the comparability of the methods. The pattern derived from PCA was mainly characterized by consumption of fruits, vegetables, legumes, fish and seafood, grains and oils. This pattern explained 12.5% of the total variation in food groups. On the other hand, the pattern extracted from RRR was mainly characterized by reduced consumption of fruits, vegetables and legumes, and by increased consumption of sweets and red meat. The pattern derived from RRR explained 8.2% of the total variation in food groups. Simple and multiple logistic regression revealed that the pattern extracted from RRR is significantly associated with the prevalence of childhood obesity (OR ¼ 1.11, 95% CI: 1.00-1.28 for each unit increase of dietary pattern) as opposed to the pattern derived from PCA. Conclusions: The preferable technique to derive dietary patterns related to childhood obesity seems to be RRR compared with PCA.
Introduction
Several studies have demonstrated that childhood overweight and obesity are increasing in alarming rates, reaching epidemic proportions worldwide (Hedley et al., 2004; Manios et al., 2005; Lobstein and Jackson-Leach, 2006) . Moreover, longitudinal studies have shown that overweight and obesity originating in early life seem to track into adulthood, increasing the risk for developing chronic diseases such as type 2 diabetes, hypertension and cardiovascular disease in adult life (Whitaker et al., 1997; Ballew et al., 2000; Nanchahal et al., 2005) . There is evidence that genetic factors have an important role in developing obesity and its comorbidities. However, changes in the environmental factors (that is increased energy intake and reduced energy expenditure) seem to be primarily responsible for the current epidemic and related chronic diseases (Chagnon et al., 2003; Hill et al., 2003; Slyper, 2004) .
To date, the association between single foods/food groups and obesity in children has long been examined (Kaufman, 2005; Dietz, 2006; Lakkakula et al., 2008; Linardakis et al., 2008; Lim et al., 2009) . However, people eat a combination of highly correlated foods instead of isolated nutrients or foods and the aforementioned approach does not take into account the complexity of people's diet. Moreover, the adjustment for all other foods in a multiple regression model would lead to a multi-collinearity phenomenon (Hu 2002) . Therefore, dietary pattern analysis has emerged as an alternative, holistic dietary approach to evaluate whether adherence to a certain pattern may benefit human health (Jacques and Tucker, 2001; Hu, 2002) .
Three main approaches have been proposed to determine dietary patterns: (a) 'hypothesis-oriented' or 'a priori' approach, as per which dietary patterns can be defined using current nutrition knowledge (that is, dietary guidelines and Mediterranean diet pattern), (b) 'a posteriori' or 'data-driven' approach, which is based on study-specific data, wherein dietary patterns are obtained using multivariate techniques (that is, principal component analysis (PCA)) and (c) the reduced rank regression (RRR), which has been recently introduced in nutritional epidemiology as an additional method to derive dietary patterns (Kant, 1996; Hu, 2002; Fung et al., 2005; Schulze and Hoffmann, 2006; Waijers et al., 2007) . Among these approaches, both PCA and RRR are dimension-reduction techniques, resulting in uncorrelated linear combinations of food intakes. More specifically, PCA aims to construct a combination of foods that explain a high proportion of food intake data. However, this approach does not always result in deriving patterns that are predictors of chronic diseases. On the other hand, RRR aims to construct linear combinations of variables that belong to one set (that is, food intake data/ predictors) by maximizing the explained variation in another set of response variables, which are considered to be related to the outcome of interest (that is, disease-related nutrient or disease-specific biochemical markers) .
Several studies have been conducted to examine and compare the association between dietary patterns, derived by RRR and PCA, and several health outcomes (that is, cardiovascular disease (CVD), all-cause mortality, and so on) among adults Schulze and Hoffmann, 2006; Nettleton et al., 2007; DiBello et al., 2008) . However, to the best of our knowledge, RRR has never been applied in a population of children. Therefore, the primary aim of this work was to identify dietary patterns using both RRR and PCA methods in a preschool population. The secondary aim was to compare the association of the derived dietary patterns with childhood overweight and obesity in order to determine the preferable method to evaluate the diet-obesity relationship in young children.
Materials and methods

Sampling
The design and rationale of the 'Growth, Exercise and Nutrition Epidemiological Study In preSchoolers' (GENESIS study) have been described meticulously in a previous work (Manios 2006) . In brief, 2518 children aged 1-5 years were recruited in the study from a representative sample of 115 randomly selected public and private nurseries, as well as day-care centers within municipalities in five prefectures of Greece between April 2003 and July 2004. Approval to conduct the study was granted by the Ethical Committee of Harokopio University of Athens and by all municipalities invited to participate in the study.
Anthropometric measurements
Children's body weight and standing height were recorded. Details about the measures used to perform the aforementioned measurements have been presented previously (Manios 2006 Dietary assessment Dietary intake data were obtained for 2consecutive weekdays and 1 weekend day using a combination of techniques comprising the weighed food records (during nursery hours) and 24-h recall or food diaries (outside nurseries). More details regarding the methods used to evaluate dietary intake have been presented elsewhere (Manios, 2006) . Food intake data were analyzed using the Nutritionist V diet analysis software (version 2.1, 1999, First Databank, San Bruno, CA, USA). The food-grouping scheme was designed for all foods or entries (core and recipe) appearing in Nutritionist V. In total, 47 food groups were initially established, based on similar source characteristics and nutrient content. Composite food items, such as recipes, were de-composed and were assigned to food groups according to primary ingredients. A similar methodology for the extraction of food groups has been previously reported in studies with smaller sample size, but with only one 24-h recall available (Nicklas et al., 1993) . Examples of foods included in the food groups have been documented previously (Nicklas et al., 1990) . In total, 12 large food categories (that is, total grains, milk and yoghurt, vegetables, fruits, red meat and products, potatoes, fish and seafood, white meat, legumes, cheese and oils) were created and used in the analyses.
Other data Data regarding children's physical activity status were recorded via parental proxy reports. Specifically, parents were asked to provide information on their child's participation in outdoor organized or non-organized physical activities, while a research team member recorded this information on a valid, structured, proxy questionnaire. Emphasis was placed on Light-to-Vigorous Physical Activities (L-VPAs) with intensity higher than 4 Metabolic Equivalents. Preschoolers were divided into those having an LVPA X3 h/ week and those having LVPA o3 h/week. More information on the type of activities comprising LVPAs is presented elsewhere (Manios 2006) . Moreover, children's television (TV)-watching time was assessed by parental report on their children's TV-watching time during a usual weekday and a usual weekend. Finally, information was obtained regarding parental educational level, participant's birth rank (that is, first-born vs not first-born child), the presence of brothers/ sisters, the region of residence (that is, large urban/urban vs rural/small towns), maternal employment status (that is, employed vs unemployed), child's size at birth, child's growth at the first 6 months and children's feeding patterns from birth to 6 months of age (that is, breastfeeding, use of formula and age, when formula was first initiated).
Response variables
In the present study, total fat, simple carbohydrate and fiber intakes that have been proposed to be significantly associated with obesity were used as responses. More specifically, the standardized values of nutrients were used after they were adjusted for total energy intake by the residual method.
Statistical analysis
Food component derivation. Dietary patterns were derived from 12 food groups using two different empirical methods: RRR and PCA. As it has already been mentioned, RRR is a method that works with two different sets of variables, called predictors and responses. This approach aims to identify the un-correlated linear functions of predictors (that is, factors/ patterns) that explain as much response variation as possible. The maximum number of factors that can be derived is equal to the number of response variables. The use of this method in dietary pattern analysis has recently been described in detail . On the other hand, PCA works with only one set of variables (the predictors) and results in the extraction of uncorrelated linear functions of predictors that explain as much predictor variation as possible. The number of factors that can be extracted is equal to the number of predictor variables. Several criteria should be used (that is, the Kaiser criterion (eigenvalues41), the interpretability of components, etc) in order to decide the number of factors to retain. However, in order to ensure increased comparability between the two methods, an equal number of factors was retained from both the techniques.
In both techniques, the extracted dietary pattern score for each participant was calculated as a sum of the products of their intake of 12 food groups with the corresponding factor loadings. Factor loadings represent the correlations of each food group with the dietary pattern score. Higher absolute values of factor loadings indicate that the food variable contributes most to the construction of this particular factor. More specifically, it was considered that food groups with factor loadings 4|0.2| contribute significantly to dietary pattern scores. Participant scores were then categorized into quartiles. Thus, for each dietary pattern, quartile 4 consisted of persons whose diets were adherent most to that particular pattern.
The percentage variance in total dietary pattern score explained by each food group was calculated as follows: (Pearson's correlation coefficient between food group and dietary pattern) Â (standardized-b coefficient for the association between food group and dietary pattern) Â 100.
All analyses were conducted with SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) using the PROC-PLS statement and the 'method ¼ ' option in order to reflect each desired method.
Finally, in order to examine the robustness of our findings and to reduce the dependency of the dietary pattern from the data, the simplified patterns were determined by applying the method proposed by Schulze et al. (2003) . In brief, the simplified pattern score is calculated as follows: (a) the food groups with factor loadings between À0.2 and þ 0.2 are neglected, (b) the coefficients of the remaining food groups are defined as þ 1 and À1 depending on the sign of the factor loading, (c) the sum of the standardized food group variables using the appropriate sign is calculated.
Descriptive and other statistical analyses Continuous variables are presented as mean values ± s.d. The comparison of the mean responses between obese and non-obese children was performed by using Student's t-test or Mann-Whitney U-test, as it was appropriate. The association between response variables and the quartiles of dietary pattern scores was assessed through one-way analysis of variance (ANOVA) after testing for equality of variances (homoscedacity) or Kruskal-Wallis test, as it was appropriate. Finally, logistic regression analysis was performed in order to determine whether the dietary pattern scores obtained by applying RRR and PCA were significantly associated with the probability of being obese (or obese and overweight). The dietary pattern scores were treated both as continuous and as categorical variables using their quartiles. Moreover, three different models (Model 1, Model 2 and Model 3) were applied in order to evaluate the association between the dietary pattern scores and obesity as follows: un-adjusted association, after controlling only for children's age and gender and after controlling for children's age, gender, total energy intake, maternal educational status (years), maternal smoking during pregnancy, child's size at birth, parental BMI, child's growth at the first 6 months and region of residence, physical activity status, TV-viewing time and children's feeding patterns from birth to 6 months of age.
The results of logistic regression models were presented as odds ratios (ORs) and 95% confidence interval (CI).
All reported P-values were based on two-sided tests and were compared with a significance level of 5%. STATA software was used for all the statistical calculations (version 8, 2003 , STATA Corp, College Station, TX, USA). Table 1 illustrates the mean responses (95% CI) for normal/ overweight vs obese and for normal vs overweight/obese children. It was observed that in the current study, all selected responses were strongly associated with obesity except for total fiber intake. In particular, total fat and simple carbohydrate intake were significantly higher among obese (or overweight and obese) compared with normal/overweight (or normal weight) children. On the other hand, fiber intake was lower among obese (or overweight and obese) compared with normal/overweight (or normal weight) children, although the results did not reach statistical significance.
Results
The first pattern obtained from RRR explained 17.2% of the variation in response variables, while the second pattern explained 8.7%. Although the percentage of variation in responses explained by the first pattern was much higher than that explained by the rest of the extracted patterns, only the first one was considered as the dietary pattern of interest. Similarly, only the first pattern obtained from PCA was retained. Table 2 presents the percentage of variation in all food groups, all responses and each response, separately, explained by the first pattern obtained from each statistical technique. As it was expected, the pattern derived from PCA accounted for a higher percentage of food groups compared with the dietary patterns obtained from RRR. Moreover, the percentage of variation in responses explained by the extracted pattern from PCA was lower than that of RRR. Table 3 illustrates the factor loadings of the patterns retained from all statistical techniques. The pattern obtained from the PCA was named as the 'healthy pattern' since it was characterized by increased consumption of fruits, vegetables, grains, legumes, oils and fish/seafood. On the other hand, the pattern derived from RRR was named as 'unhealthy pattern' because of the high negative score on grains, vegetables, fruits and legumes and high positive score on sweets. The percent of variance of pattern score explained by each food group is presented in Table 3 . As it was expected, the food groups strongly correlated with each pattern (factor loading4|0.2|), accounting for a higher percentage of variation in the pattern compared with the rest of the food groups.
As it can be observed in Table 4 , the mean values of response variables (that is, nutrients intake) varied across the quartiles of the factors obtained from PCA and RRR. However, the variation of all nutrients was higher across the quartiles of the pattern derived from RRR (Po0.001 for all responses, except for total fat intake, for which P ¼ 0.016).
It was observed that the factor obtained from RRR was significantly associated with the probability of being obese even after controlling for potential confounders. This finding was obtained when the dietary pattern score was treated either as a continuous variable (Table 5) or as a categorical variable (Table 6 ). More specifically, it was observed that one unit increase in dietary pattern score was associated with almost 11% higher probability of being obese (P ¼ 0.034). Moreover, children whose diet conformed most closely to that particular pattern (fourthquartile) were almost 30% more likely to be obese compared with children whose diet was different from this pattern (first quartile) after controlling for potential confounders. On the other hand, no significant association was detected between the pattern derived from PCA and the probability of being obese or obese/overweight. Similar results were observed regarding the association between the simplified dietary patterns and the prevalence of obesity (Table 5) . However, the ORs were attenuated compared with those observed using the full patterns.
Discussion
The aim of this work was to identify the dietary patterns based on two different statistical procedures (RRR and PCA) and to evaluate the association of these scores with the prevalence of childhood obesity. One pattern was retained from each technique in order to increase the comparability of the current results among statistical methods. The pattern derived from PCA was called 'healthy dietary pattern'. A similar pattern has been reported in previous studies conducted in order to evaluate the dietary habits of children (North and Emmett, 2000; Aranceta et al., 2003; Northstone and Emmett, 2005) . On the other hand, the pattern extracted from RRR was called 'unhealthy dietary patterns'. No similar studies have been conducted in the past. Therefore, these results are not comparable to those of previous works.
The findings of the current work showed that only the pattern obtained from RRR was significantly associated with obesity even after adjusting for potential confounders. This finding is in accordance with those reported from the previous works conducted among adults. In particular, the majority of the few studies that have been conducted to compare the abilities of RRR and PCA to produce factors associated with health outcomes have shown that the extracted patterns from RRR are more likely to be associated with health outcomes compared with those derived from PCA (Hoffmann et al., , 2005 Nettleton et al., 2007) . This seems reasonable because the factors derived from RRR are driven from disease-specific responses, while the factors obtained from PCA reflect the dietary habits of the population (that is, food groups consumed together in a particular population). However, in a recently published study, it was revealed that the RRR method may result in less diseasespecific dietary patterns compared with PCA (DiBello et al., 2008) . This was attributed to the fact that only a subset of nutrients had been included as responses among all possible myocardial infarction-related exposures (that is the selected responses were not the most disease-specific). Therefore, choosing the appropriate indicators as responses in the RRR analysis is a promising way to quantify the indirect effects of diet on chronic diseases and mortality by specifying possible pathways . Total fat, simple carbohydrate and total fiber intake adjusted for energy intake using the residual method were used as responses. b PCA and RRR were applied to the 12 food groups defined in Table 3 . Abbreviations: CI, confidence interval; GENESIS, Growth, Exercise and Nutrition Epidemiological Study In preSchoolers; OR, odds ratio; PCA, principal component analysis; RRR, reduced rank regression with total fat, simple carbohydrate and total fiber intake as response variables Model 1: unadjusted; model 2: adjusted for age and sex; model 3: adjusted for age, sex, total energy intake, maternal educational status (years), maternal smoking during pregnancy, child's size at birth, parental BMI, child's growth at the first 6 months and region of residence, physical activity status and television-viewing time and children's feeding patterns from birth to 6 months of age.
a Total fat, simple carbohydrate and total fiber intake adjusted for energy intake using residual method were used as responses. b PCA and RRR were applied to the 12 food groups defined in Table 3 .
The strengths of this study include a large sample size (n ¼ 2317) and the age of the participants. In particular, to the best of our knowledge, this is the first study wherein the RRR method is applied in such an age group. However, in the current study, several limitations should be considered. First, the small number of food groups may have an effect on the results of the dietary pattern analysis. More specifically, the small number of food groups may imply that foods with different health effects are possibly combined in the same group and the important variation in the dietary intake can possibly not be reflected by patterns derived subsequently. Second, the assessment of energy intake is, generally, questionable. Therefore, it is possible that there is a bias in the estimation of the association between diet and obesity. However, several aspects of this study suggest enhanced reliability of the data (that is, the combination of weighed food records and 24-h recall or 3days, and highly qualified interviewers who checked the records for any misrecorded or missing information) (Tucker 2007) . Third, a valid questionnaire to assess the children's physical activity was used, although it is widely accepted that the use of accelerometry would provide more valid data. Moreover, children's TV-viewing time was obtained by parental report and the validity of their report was not examined. However, significant correlation has been reported between the parental reports of children's TV-viewing time and TV diaries (Anderson et al., 1985) . Fourth, the findings of RRR and PCA are not completely reproducible by other studies because they are data-driven. However, the results obtained using the full patterns were confirmed by using the simplified patterns. Therefore, the development and use of simplified patterns may result in more robust results.
In conclusion, dietary pattern analysis allows the evaluation of the combined effects of several correlated dietary exposures. In this study, RRR and PCA were applied to identify the dietary patterns that may be associated with the prevalence of obesity among preschoolers. The results of the current work revealed that the pattern obtained from the RRR method is significantly associated with obesity. Therefore, the RRR method seems to be a preferable tool to derive the dietary patterns related to early childhood obesity in nutritional epidemiology.
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